We analyze the influence of the magnetic field generated by the supercurrents (self-field) on the current density distribution by numerical simulations. The thickness of the superconducting film determines the self-field and consequently the critical current density at zero applied field. We find an equation, which derives the thickness dependence of the critical current density from its dependence on the magnetic induction. Solutions of the equation reproduce numerical simulations to great accuracy, thus enabling a quantification of the dependence of the self-field critical current density with increasing film thickness. This result is technologically relevant for the development of coated conductors with thicker superconducting layers.
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A decrease of the critical current density J c with increasing film thickness d was observed in thin superconducting films of YBa 2 Cu 3 O 7−δ on both single 1,2 and polycrystalline 3-5 substrates. Possible explanations are a degradation of the film or a change in the defect structure with thickness, but also the self-field of the sample causes a significant reduction if J c depends on the low magnetic induction B generated by the transport current 6 . Identifying the true cause of the decrease is vital for the development of coated conductors, which must be grown to higher thicknesses to enhance their performance.
We employ numerical calculations of the current density distribution in a thin film to derive a practical approximation allowing the evaluation of the self-field depression of J c for a given J c (B) dependence. Therefore, it is essential to distinguish between the intrinsic J c (B) of the material, i.e., the (local) dependence of the critical current density on the magnetic induction B in the film, and the average critical current density as a function of the external applied field J c (H), which is determined in a transport measurement of the critical current.
Note, that J c (B) provides information on pinning in the material and bridges theory and experiment.
The procedure we employ is similar to the iterative algorithm used by Rostila et al. 6 At the beginning the external applied field determines the starting current density distribution Because the sheet current density J sf d controls the self-field of the sample, the thickness dependence J sf (d) can be related to J c (B) by making the following approximations. We neglect any field dependence of J c (H) up to applied fields H = H f , which leads to
and assume that J c (H) and J c (B) are identical at applied fields above H f : Combining both equations
and inserting the definition of B f results in the implicit equation
A graphical representation of the derivation is depicted in Fig. 1 and γ is determined by intersecting J sf with J c (B). The final result Eqn. 4 allows us to calculate the self-field critical current density as a function of thickness J sf (d) for any given J c (B).
We test Eqn. 4 by comparing its solution for a certain J c (B) to simulations of J sf (d) on a 100 µm wide film having a thickness between 100 nm and 3 µm (the typical thickness range in experiments). Inserting, for example, the power-law
where J 1 is the current density at B = B 1 , generates a power-law also in the thickness dependence:
Figure 2 compares simulations and Eqn. 6. We find by least squares fitting γ ≈ 1.2, in agreement with the above result. Note further, that this pre-factor represents only a constant vertical shift in Fig. 2 and that the dependence on the thickness, which is in excellent agreement with the numerical simulations, is thus entirely the result of Eqn. 4. is technologically important, because it allows investigating the depression of the critical current density observed in coated conductors when they are grown to higher thicknesses.
